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ABSTRACT 


This research’s objectives were 1. To develop system of transformative learning with digital fabrication 
laboratory to enhance innovation competency and creative product. 2. To study the results of the 
demonstration system. The study included 2 process: 1) the development system of transformative learning 
with digital fabrication laboratory to enhance innovation competency and creative product, and 2) the result 
of the demonstration system. The use of transformative learning with digital fabrication laboratory was 
demonstrated to students in Southeast Bangkok College who registered for the ‘Industry Innovation 
Laboratory’ subject in their first semester of B.E. 2565. The findings revealed that the scores with regard to 
1) the curriculum, 2) the context quality, 3) the quality of the lecturing media, and 4) the quality of the learning 
system were rated as being at the highest level. Moreover, after studying the subject, the experimental group 
had greater innovation competency scores than they exhibited prior to the learning process. In addition, the 
experimental group had higher scores with regard to innovation competency and creative product after 
studying than the control group and the criteria. A system of transformative learning with digital fabrication 
laboratory to enhance innovation competency and creative product is a new teaching model that can develop 
students' skills in the 21st century. Therefore, it should be applied to other subjects in this field by only 
subjects that are practiced so that students can develop their own skills. 
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1. INTRODUCTION 


In the digital era, information and communication 
technology (ICT) is a tool that assists in many 
aspects of everyday life such as_ working, 
communicating, and teaching. Additionally, ICT 
also supports the country's development in various 
industries [1] such as business, medicine and other 
industries included in the ‘industrialization 4.0’ era. 
This has resulted in a shift from labour utilization to 
innovation and mechanical adaptation. Thus, a broad 
range of goods are now efficiently produced by using 
customized materials in line with each consumer's 
particular requirements [2]. As _ previously 
mentioned with regard to change, the education 
industry needs to adapt by designing learning models 
that can handle change in order to keep pace with 
technological improvements in such a way as to 
facilitate students’ entry into the labor market. 


Transformative learning is considered as a model 
that emphasizes the learners’ ability to reflect on their 
own experiences based on their personal thoughts, 
feelings, and beliefs. This affects the learner’s daily 


life, interaction with other people, and_ the 
environment around them. The transformative 
learning process focuses on allowing students to 
participate in experiments in order to obtain direct 
experience in a variety of learning areas, especially 
in terms of exploring and challenging their own 
values and beliefs. This leads to better consideration 
and observation that supports the students when it 
comes to seeing the root causes of problems [3]. The 
students can also share what they obtain with each 
other to find a solution [4]. Nowadays, modern 
technology associated with teaching and learning is 
being used to develop a new paradigm for learning 
in order to make students more efficient and 
proficient in a variety of areas [5] such as with regard 
to skills related to research, analysis, synthesis, 
reflection, creativity and imagination [6]. This 
helped students to develop a range of innovation [7]. 


As mentioned in the previous paragraph, 
transformative learning is a learning paradigm that 
encourages students to innovate. In order to do so 
there must be a study location where students may 
experiment and _ practice. Digital fabrication 
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laboratories have been widely utilized to develop 
innovation [8], [9], [10]. This consisted of learning 
systems and modern technology equipment in terms of 
both hardware and software [9], [11]. The digital 
fabrication laboratory is a teaching and creative 
design [12] that encourages students to engage in 
innovation. Such a laboratory may be outfitted with 
a variety of high-tech equipment and devices such 
as laser cutting machines for 2D & 3D model- 
making, CNC milling machines for making circuit 
boards and specific parts, 3D printing machines, 
and scanners. These devices use computer software 
to operate them in order to manufacture items [13] 
as a change from abstract thought to be in favor of 
practical material output [14]. Additionally,a 
digital fabrication laboratory is also a place where 
students and technologists may share and generate 
knowledge in a variety of sectors [13], [15]. 


From the policy of the industrialization 4.0 era, 
which the old teaching model cannot respond to, it 
is necessary to develop a new teaching model to 
respond to the national policy. Therefore, the 
researcher decided to develop transformative 
learning with digital fabrication laboratory to 
enhance innovation competency and creative 
product, as a means of supporting digital learning 
and technological practice [16] in order for students 
to have the skills to be able to enter the labor market 
in the future. 


2. RESEARCH OBJECTIVE 


2.1 To develop system of transformative learning 
with digital fabrication laboratory to enhance 
innovation competency and creative product. 

2.2 To study the results of the demonstration 
system of transformative learning with digital 
fabrication laboratory to enhance innovation 
competency and creative product. 

2.2.1 To compare innovation competency score 
of the experimental group before and after 
studying. 

2.2.2 To compare innovation competency and 
creative product scores of the experimental group 
and the control group after studying. 

2.2.3 To compare innovation competency score 
of the experimental group after studying and the 
criteria (60 percent). 

2.2.4 To compare creative product scores of the 
experimental group after studying and the criteria 
(60 percent). 
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3. RESEARCH METHODOLOGY 


3.1 The development of a system of 


transformative learning with digital 
fabrication laboratory to enhance 
innovation competency and_ creative 


product. The details are as follows: 

1. The researcher analyzed and synthesized 
principles, concepts, and theories related to 
transformative learning (TL) by considering the 
publications of Mezirow [17], Mayo [18], Sharpe 
[19], Beer [20], Jacobs [21], Yildirim and Yelken 
[22] and Johnson and Olanoff [23] consist 10 
processes: 1) Disorienting Dilemma 2) Self- 
Examination 3) A_ Critical Assessment of 
Assumptions 4) A Recognizing of a connection 
between one’s discontent and the process of 
transformation 5) Exploration of options for new 
roles, relationships, and actions 6) Planning a course 
of action 7) Acquiring knowledge and skills for 
implementing one’s plans 8) Provisional Trying of 
New Roles 9) Building competence and self- 
confidence in new roles and relationships and 10) 
A Reintegrating into one’s life on the basis of 
condition dictated by one is new perspective. The 
researcher found some steps of transformative 
learning are continuous processes. Therefore, he 
researcher regrouped the transformative learning 
steps into 5 steps: TL1) Learning Change: consists 
of 2 sub-steps: TL1.1: Self-Examination: and TL1.2: 
Acceptance of Change TL2) Find a new conceptual 
framework TL3) New Planning TL4) Testing TLS) 
Integrating new Competency and Perspectives 
consists of 2 sub-steps: TL5.1: New Competency 
and TL5.2: New Perspectives as shown in Figure 1. 


Figure 1: Process of transformative learning 
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Additionally, The researchers analyzed and 
synthesized principles, concepts, and _ theories 
related to the use of Digital Fabrication 


Laboratories (DF) by considering the publications 
of Lewis and Clark [24], Hamid et al. [25], Lorenzo 
et al. [26], Lee et al. [8], Putro and Wirasmoyo [27], 
Soomro and Georgiev [9], Hsieh and Chang [10] 
and Formlabs [28], together with the components 
of tools used in the Digital Fabrication Laboratory 
by considering the publications of Yildirim et al. 
[22], Gadjanski et al [29], Poustinchi [6], Lorenzo 
et al. [26], Soulaf et al. [30], and Cornetta et al. [11] 
consist 4 process : 1) Design : DF1 2) Prepare : DF2 
consists of 4 tools: 4.1) hardware, 4.2) software, 
4.3) material for making the product, and 4.4) 
online storage and simulator tools. 3) Fabricate : 
DF3) and 4) Assembly and Installation : DF4) as 
shown in Figure 2. 
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Figure 2. Digital Fabrication Laboratories and tools 


As mentioned previously, the researcher led the 
process of transformative learning and digital 
fabrication laboratory to develop a system of 
transformative learning with digital fabrication 
laboratory to enhance innovation competency and 
creative product. The researcher designed and 
developed the system according to the concepts of 
the software development life cycle entitled the 
Adapted Waterfall model, because this design 
method is extremely adaptable, with the ability to 
modify, change, and add functionalities and task 
modules as needed [31]. It is also consistent with the 
four-step operational procedure: 
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Step 1 : Learning Change (TL1) and Finding a 
New Conceptual Framework (TL2) are components 
that relate to one another, and are in line with Design 
(DF1). When the students found that their previous 
experience of technology was not related to the new 
technology, they had to find the necessary 
information and exchange it with other people. This 
process created new experience related to the new 
technology. This in turn allowed them to build a new 
conceptual framework to solve problems related to 
the new technology. This allowed them to engage in 
creative product planning leading to a practical 
outcome. 

Step 2 : New Planning (TL3) was consistent to 
Prepare (DF2). The students used this to arrive at a 
solution to solve the problem associated with the 
new technology to create creative product. The 
students then prepared 4 types of tools for this 
purpose 1) hardware, 2) software, 3) material for 
making the product, and 4) online storage and 
simulator tools. The students also practiced and 
learned how to use these tools in order to hone their 
skills. 

Step 3 : Testing (TL4) was in line with 
Fabrication (DF3). This was done according to the 
plan. The creative product was designed with the use 
of programs such as Solidworks, Autodesk 123 
Design, Rhino and CS Eagle. The product would 
then be produced using 3D printing, Laser Cutting 
and CNC machines. 

Step 4 : Integrating new Competencies and 
Perspectives (TL5) was in line with. Assembly and 
Installation (DF4). After the students had completed 
testing, each component was brought to be 
assembled in order to create product. Electronic 
devices such as sensors and embedded system were 
installed to control the designed functions. As a 
consequence, the students increased in competency 
and enjoyed better self-esteem. Moreover, they were 
able to adapt the knowledge that they developed to 
create other creative products as shown in Figure 3. 

2. The researcher created 4 types of evaluation 
form to support the teaching and learning associated 
with the system of transformative learning with 
digital fabrication laboratory enhance innovation 
competency and creative product. 

These forms were evaluated by 7 experts who 
had 1) doctoral degree, and 2) five years or more 
experience in Information and communication 
Technology. Purposive sampling was used to select 
the sample for this study to check the quality of 
details and language as well as the completion of the 
questionnaire with Index of Item Objective 
Congruence (IOC). A five-point Likert scale was 
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used in this study, from 5 indicating the highest 
rating to | indicating the lowest. 

The forms were are follows: 1) Quality of the 
curriculum 2) Context quality 3) Teaching-learning 
media quality and 4) Teaching-learning media 
quality. The data was analysed in terms of mean (X) 
and standard deviation (S.D.). The actual scale used 
to rank the suitability of the overall assessment of 
transformative learning with digital fabrication 
laboratory to enhance innovation competency and 
creative product was more granular with the 
following five levels: 4.50 - 5.00 indicating the 
highest suitability, 3.50 - 4.49 - high, 2.50 - 3.49 - 
medium, 1.50 - 2.49 - low, 1.00 - 1.49 - indicating 
the lowest suitability. The results showed that the 
overall quality of 1) the curriculum, 2) the context 
quality, 3) the quality of the teaching-learning media 
and, 4) the quality of the learning system were 
ranked as being of the highest as shown in Table 1. 

Based on the previous’ paragraph, the 
researchers were able to conclude that the system of 
transformative learning with digital fabrication 
laboratory to enhance innovation competency and 
creative product could be utilized as a guideline for 
creating a learning system that could develop 
innovation competency in such a way as to 
encourage creative output. 

3. In addition, the researcher created 2 
evaluation forms: 1. Innovation Competency and 


2. Creative Product. The innovation competency 
form was adapted from the evaluation test of 
Keinanen et al. [32] and has 5 competencies: 
1) Creative problem solving 2) Systems thinking 3) 
Goal orientation 4) Teamwork and 5) Networking. 
The innovation competency is a self-assessment. 
This evaluation of innovation competency is a 
three-point self-assessment and has 22 assessments. 

The adaption of four tiers of rubrics resulted in 
the creation of the creative product according to the 
concepts of Besemer and Treffinger [33] and 
Wongwanich [34] which have ten questions and a 
score of 0-3. This study was evaluated by 7 experts 
who had 1) doctoral degree, and 2) five years or 
more experience in Information and communication 
Technology. Purposive sampling was integrated in 
this study. To check the quality of details and 
language as well as the completion of questionnaire, 
Index of Item Objective Congruence (IOC) was 
utilized. 

The consistency between the evaluation form 
and the intended purpose was measured by the 
experts’ opinions on each question, with +1 indicating 
consistency, 0 - not sure and -1 indicating lack of 
consistency All the questions were rated as +1, hence 
they were consistent with the intended purpose. The 
criterion for determining the calculated IOC index 
value must be more than or equal to.05 [35]. The 
Index of Item-Objective Congruence (IOC) score 
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Figure 3. The Conceptual Framework 


Table 1. The Result Of The Overall Assessment Of Transformative Learning With Digital Fabrication 
Laboratory To Enhance Innovation Competency And Creative Product. 


Types of evaluation X 


S.D 


Appropriateness Level 
0.47 


Quality of the curriculum 4.52 highest 
Context quality 4.54 0.49 highest 
Teaching-learning media quality 4.51 0.48 highest 


Teaching-learning media quali 


highest 
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was 1.00, with an intercorrelation value of 0.84. 
Furthermore, the instructor took the innovation 
competency assessment and tested it on 30 students 
to find the reliability value by using Cronbach's 
Alpha Coefficient. The reliability value was equal to 
0.93, which could be described that this innovation 
competency assessment was practical. 


3.2 The result study of the demonstration the 
system of transformative learning with digital 
fabrication laboratory to enhance innovation 
competency and creative product. 

1. Research Hypothesis 

In this study, the researcher had 
hypotheses as follows: 

1.1 After studying, the experimental group 
had higher innovation competency score than before 
studying. 

1.2 After studying, the experimental group 
had higher innovation competency and creative 
product scores more than the control group. 

1.3 After studying, the experimental group 
had innovation competency scores more than the 
criteria (60 percent). 

1.4 After studying, the experimental group 
had creative product scores more than the criteria (60 
percent). 

2. Population and Samples 

2.1 Population 

The population was the cohort of Bachelor’s 
degree students who enrolled in the science and 
technology major offered by the Southeast Bangkok 
College in the first semester of B.E. 2565. 

2.2 Sample 

The sample group consisted of 2 classes of 
students who registered for the industry innovation 
laboratory subject in the first semester of B.E. 2565. 
Simple random sampling was implemented. The 
classroom was the sampling unit, which was used in 
order to classify the students as either an 
experimental group or as a control group. The 
experimental group consisted of those students who 
studied using the system of transformative learning 
with digital fabrication laboratory to enhance 
innovation competency and creative product, 
whereas the control group consisted of students who 
studied in a traditional teaching-learning context. 
The results revealed that the innovation competency 
of the experimental group and the control group 
before studying the subject was not different at a 
significance level of 0.05 as shown in Table 2. 

3. Variables in this study 

3.1 Dependent variable were innovation 

competency and creative product. 
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3.2 Independent variable was the system of 
transformative learning with digital fabrication 
laboratory. 


4. RESEARCH RESULTS 


The details of the research hypotheses are as 
follows: 

Hypothesis no. 1: After studying, the 
experimental group had _ higher Innovation 
Competency score than before studying. 

In terms of Hypothesis No. 1, the mean 
innovation competency score of the experimental 
group before studying was 46.48 with a standard 
deviation (S.D.) of 6.55. However, the mean 
innovation competency score of the experimental 
group after studying was 60.40 with a standard 
deviation (S.D.) of 4.98. Consequently, after 
studying the experimental group had a_ higher 
innovation competency score than before studying at 
significance level of 0.05. Furthermore, after 
studying the subject, the experimental group had 
higher innovation competency score than before at 
13.92. This complies with Hypothesis No. 1 as 
shown in Table 3. 

Hypothesis no. 2 : After studying, the experimental 
group had higher innovation competency and 
creative product score than the control group. 

In terms of Hypothesis No.2, the researcher 
analyzed this data set by using one-way MANOVA 
since this data set was consistent with one-way 
MANOVA Assumption Statistic Test (Levene’s 
Test, and Test Box’s M Test) at a non-significance 
level of 0.05, and at a significance level of 0.05 for 
Bartlett’s Test of Sphericity as shown in Table 4. 

The analysis result with regard to the one- 
way MANOVA in terms of innovation competency 
and creative product after the experimental group 
and the control group took the subject, revealed that 
the mean of the innovation competency score and the 
creative product score were different at a 
significance level of 0.05. After studying, the 
experimental group demonstrated a_ higher 
innovation competency and creative product scores 
than did the control group at 14.68 and 6.13 
respectively. This result supported hypothesis No. 2 
as shown in Table 5. The scores with regard to 
innovation competency and creative product after 
both groups had taken the subject are illustrated as 
shown in Figure 4. 


2374 


Journal of Theoretical and Applied Information Technology > 
318 March 2024. Vol.102. No 6 i 
© Little Lion Scientific 


2. = 
wrviaa 


ISSN: 1992-8645 www.jatit.org E-ISSN: 1817-3195 


Table 2. Innovation Competency score of the experimental group and the control group before studying. 


The experimental group 46.48 1.616 0.113 
49.60 [| 7.09 | | 


Table 3. The experimental group's Innovation Competency score before and after studying the subject. 


Experimental group a a se 
60.40 9.005** 0.000 
Before studying 4648 | 655 | | | 


Note : ** p< 0.01 


Table 4. One-way MANOVA Assumption Statistic Test. 


a Innovation Competency score Creative Product score 
60.40 25.40 
Experimental group 
5 1.644 
aa 45.72 19.27 
Control group 


3.138 


Leven’s statistics (p) 3.67 (0.70) 1.03 (0.31) 
Box’s M (p) 7.85 (0.06) 
Bartlett’s y2 (p) 19.62 (0.00) 


Table 5. The one-way MANOVA results of Innovation Competency and Creative Product scores 
after studying between the experimental group and the control group. 


Independent Variable Statistic Value Approximate F p 
Pillai’s Trace 0.000 
ae Wilks’ Lambda _ _ 0.000 
0.205 91.121 
Hotelling’s Trace 3.877 91.121 0.000 
Roy’s Largest Root 3.877 91.121 0.000 
Tests of Between-Subjects Effects 
Dependent Variables SS df MS F p Post Hoc 
oe Beem. 2693.78 «(112.726 0.000-~—«1>2 


Creative Product score 470.32 1 470.32 74.97 0.000 1>2 
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Figure 4. Innovation Competency score and Creative Product score 


Hypothesis no. 3 After studying, the 
experimental group had innovation competency 
scores more than the criteria (60 percent). 

In terms of Hypothesis No. 3, the mean 
innovation competency score of the experimental 
group after studying was 60.40 with a standard 
deviation (S.D.) of 4.98, whereas the required 
criteria score of innovation competency was 39.60 
(60 percent of 66 scores). Consequently, after 
studying the experimental group had a _ higher 
innovation competency score than the criteria at 
significance level of 0.05. Furthermore, after 
studying the subject, the experimental group had 
higher innovation competency scores than the 
criteria at 20.80. This complies with Hypothesis No. 
3 as shown in Table 6. 


Hypothesis no. 4 After studying, the 
experimental group had creative product scores 
more than the criteria (60 percent). 

In terms of Hypothesis No. 4, the mean 
creative product score of the experimental group 
after studying was 25.40 with a standard deviation 
(S.D.) of 1.64, whereas the required criteria score of 
creative product was 18.00 (60 percent of 30.00 
scores). Consequently, after studying — the 
experimental group had a higher creative product 
score than the criteria at significance level of 0.05. 
Furthermore, after studying the subject, the 
experimental group had higher creative product 
scores than the criteria at 7.40. This complies with 
Hypothesis No. 4 as shown in Table 7. 


Table 6. The experimental group's Innovation Competency score after studying and the criteria. 


Innovation Competency score 60.40 39.60 20.87** 0.00 


Note : ** p< 0.01 


Table 7. The experimental group’s creative product score after studying and the criteria. 


Innovation Competency score 25.40 18.00 22 50"* 0.00 


Note : ** p< 0.01 
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Table 8. The results of the hypothesis 1-4. 


Hypothesis 


Hypothesis 1 : After studying, the experimental group had higher innovation 


competency score than before studying. 


Hypothesis 2 : After studying, the experimental group had higher innovation 


Results of hypothesis 


Accept 


Accept 


competency and creative product scores more than the control group. 


Hypothesis 3: After studying, the experimental group had innovation 
competency scores more than the criteria (60 percent). 


Hypothesis 4 : After studying, the experimental group had creative product 


scores more than the criteria (60 percent). 


5. DISCUSSION 


1. The overall assessment of transformative 
learning with digital fabrication laboratory to 
enhance innovation competency and _ creative 
product was ranked as being at the highest. This was 
because the researcher had utilized transformative 
learning and digital fabrication laboratory theories as 
a guideline to create a learning model to enhance 
innovation competency and encourage creative 
output. This complied with concepts posited by 
Mezirow [17], Brock [36], Mayo [18], Sharpe [19], 
Beer [20], Jacobs [21], Yildirim and Yelken [22], 
and Johnson and Olanoff [23] which stated that 
transformative learning was a learning method that 
involved critical reflection on new and diverse 
concepts. Transformative learning also supported the 
operational process of the digital fabrication 
laboratory according to the concepts proposed by 
Lewis and Clark [24], Hamid et al. [25], Lorenzo et 
al. [26], Lee et al. [8], Putro and Wirasmoyo [27], 
Soomro and Georgiev [9], Hsieh and Chang [10] and 
Formlabs [28], with the use of 4 tools: 1. hardware, 
2. software, 3. materials, and 4. storage and simulator 
tools [6], [11], [22], [26], [29] the use of which 
encouraged students to develop innovation 
competency, which in turn led to creative innovation 
and output. 

2. The reason why the experimental group had a 
higher mean innovation competency score after 
taking the subject compared with the score before 
taking the subject, was because the researcher 
integrated the process of transformative learning and 
digital fabrication which consists of 5 steps. Each 
step helped to develop. students' innovation 
competency for them to be able to create creative 
product [17], [18], [19], [20], [21], [22], [23], [36] 


Accept 


Accept 


and the experimental group students were able to 
engage in practical work following the digital 
fabrication laboratory approach [9], [10], Formlabs 
[28], The experimental group could follow the 
digital fabrication laboratory guidelines and use all 
sorts of tools related to hardware, software, 
materials, storage, and simulator [11], [26], [30] to 
produce the creative product. This information was 
relevant to the study of Poltana et al., [37], Pitkanen 
and Andersen [38], Chan and Blikstein [39]. 

3. The experimental group had a higher mean 
innovation competency score and creative product 
scores than the control group because the 
experimental group had learned the transformative 
learning system with a digital fabrication laboratory 
to improve innovation competency and creative 
product, which was a learning system that included 
a process to encourage students to develop 
innovation competency through five transformative 
learning stages.: 1)Learning Change : TL1 2) Find a 
new conceptual framework : TL2 3) New Planning : 
TL3 4)Testing : TL4 and 5)Integrating new 
Competency and Perspectives : TL5 [17] [18], [19], 
[20], [21], [22], [23] , [37], with digital fabrication 
laboratory 4 process [9], [10], [28], and encouraged 
the experimental group to develop creative product 
using 4 types of tools in digital fabrication laboratory 
which were 1) hardware, 2) software, 3) material, 
and 4) storage and simulator [26], while the control 
group did not go through the process to raise the 
innovation competency. In addition, the control 
group did not have sufficient tools to produce 
creative product. 

4. Hence, the experimental group had higher 
mean scores of innovation competency and creative 
product than the control group. The experimental 
group had a higher mean innovation competency 
score compared to the criterion, because the 
transformative learning system with digital 
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fabrication laboratory to enhance innovation 
competency and creative product was considered as 
the learning system that consisted of the processes to 
encourage students to develop innovation 
competency; which included creative problem 
solving, systems thinking, goal orientation, 
teamwork, and networking [32]. There were 5 stages 
of transformative learning; 1) Learning Change : 
TLI, 2) Find a new conceptual framework : TL2, 3) 
New Planning : TL3, 4)Testing : TL4, and 5) 
Integrating new competency and perspectives : TLS. 
Additionally, there were 4 steps of digital fabrication 
laboratory; 1) Design, 2) Prepare, 3) Fabricate, and 
4) Assembly and Installation. Thus, the experimental 
group had higher mean score of innovation 
competency than the criterion. This was in line with 
the policy stated by the Southeast Bangkok College 
[40]. 

5. The experimental group had higher mean 
score of creative products that the criterion, because 
the transformative learning system with digital 
fabrication laboratory to enhance innovation 
competency and creative product was the learning 
system that encouraged students to develop creative 
product via the transformative learning process with 
digital fabrication laboratory and 4 tools in digital 
fabrication laboratory; 1) hardware, 2) software, 
3) material, and 4) storage and simulator. These 
4 tools were important for students to create creative 
product. Therefore, the experimental group had a 
higher mean creative product score than the 
criterion. This was consistent with the policy 
established by the Southeast Bangkok College [40], 
which encouraged students to practice what they had 
studied. 


6. CONCLUSION 


The system of transformative learning with 
digital fabrication laboratory to enhance innovation 
competency and creative product. The researcher 
developed using the concept of transformative 
learning to change thinking Students’ perspectives 
and use of the digital fabrication laboratory to create 
product that is a teaching model that helps respond 
to Thailand's 'industrialization 4.0' era policy to 
develop students to be innovators in the future. 


REFERENCE: 


[1] Hutchinson, S. E. and Sawyer, S. C., 


Computers, Communications, and 
Information: A User's Introduction: Core 
Version. McGraw-Hill School 


Education Group., 2000. 


ns 


[2] National Science and Technology 
Development Agency, Industry 4.0 
Guidelines for the Industry of the Future. 
(2017), 1 May 
2003,https://www.nstda.or.th/home/knowl 
edge _post/ind ustry-4-0/ 

[3] Faculty of Learning Sciences and, 


Transformative Learning. 
Thammasat University, (2558), 1 May 
2003, https://lsed.tu.ac.th/published- 


message Education -content-26 

[4] Inchaithep, S., Transformative Learning: A 
Nursing learning management in clinics. 
Journal of Health Sciences Scholarship, 
Vol. 6, No.1, 2019, pp. 1-10. 

[5] Mykhailenko, O., and T. Blayone., 
Postindustrial higher education through the 
prism of technology, freedom, eadership 
and culture: The results of Ukrainian- 
Canadian pilot study of digital 
competences and cultural values of 
students and teachers. Educational Trends, 
2016. 

[6] Poustinchi, E. Subtractive digital 
fabrication with actual robot and virtual 
material using a MARI platform. 
International Journal of Architectural 
Computing, Vol.16, No. 4, 2018, pp. 281— 
294. 

[7] European Union, Supporting 
Entrepreneurship and Innovation in Higher 
Education in Italy. (2019), 1 May 2003, 
https://www.oecd- 
ilibrary.org/docserver/43e88f48en.pdf?ex 
pires=1595256296&id=id&accname=gues 
t&checksum=8BBA69BAE7F1F3C2D22 
411228E470D89 

[8] Lee, J. S., Kwon, N., Ham, N. H., Kim, J. 
J.. & Ahn, Y. H., BIM-Based Digital 
Fabrication Process for a Free-Form 
Building Project in South Korea. Advances 
in Civil Engineering, 2019. 

[9] Soomro, S. A., & Georgiev, G. V., A 
framework to analyse digital fabrication 
projects: The role of design creativity. 
Proceedings of the 6th International 
Conference on Design Creativity, ICDC 
2020, pp. 281367—374. 

[10] Hsieh, T.-L. and Chang, T.-W.: How to 
collective design-and-fabricating a 
weaving structure interaction design—six 
experiments experiments using a design- 
fabrication-assembly (DFA) approach. 4th 
RSU National and International Research 
Conference on Science and Technology, 


2378 


Journal of Theoretical and Applied Information Technology > 
318 March 2024. Vol.102. No 6 i 
© Little Lion Scientific 


2. = 
wrviaa 


ISSN: 1992-8645 E-ISSN: 1817-3195 


Social Sciences, and Humanities 2019 
(RSUSSH 2019), Rangsit University, 
Thailand, 2019. 

[11] Cornetta, G., Mateos, F. J., Touhafi, A., & 
Muntean, G.-M., Modelling and 
Simulation of a Cloud Platform for Sharing 
Distributed Digital Fabrication Resources. 
Computers, Vol.8, No.2, 2019, pp.47. 

[12]Transformative Learning Technologies 
Lab, Vision. 2018. https://tltlab.org/about/ 

[13] Troxler, P., Fabrication Laboratories (Fab 
Labs), The Decentralized and Networked 
Future of Value Creation: 3D Printing and 
its Implications for Society, Industry, and 
Sustainable Development. pp. 109-127, 
2016. 
https://www.researchgate.net/profile/Peter 
Troxler/publication/303182688 Fabricati 
on Laboratories Fab Labs/links/5a915e2 
7a6fdccecff02d79c/Fabrication- 
Laboratories-Fab-Labs.pdf 

[14] Madatech. What is a Fab-Lab?. (2014) 1 
May 2003, 
https://www.madatech.org.il/en/ 
what-is-a-fab-lab-[ 15] NTNU. FabLab 
NTNU. (2020), 1 May — 2003, 

https://www.ntnu.edu/fablab 

[16]Partnership for 21st century - skills, 
Framework for 21st Century Learning, 
2019. 
https://static.battelleforkids.org/document 
s/p21/P21_ Framework _Brief.pdf 

[17] Mezirow,J. Learning as transformation. 
San Francisco, CA: Jossey-Bass, 2000. 

[18]Mayo, P., Transformative Learning, 
Learningwith Adults: A Reader, Sense 
Publishers, pp. 267-274, 2013. 

[19] Sharpe, J., Understanding and unlocking 
transformative learning as a method for 
enabling behaviour change for adaptation 
and resilience to disaster threats. 
International journal of disaster risk 
reduction, Vol. 17, 
pp. 213-219, 2016. 

[20] Beer, N. Designing a rubric to measure 
elements of transformative learning in 
online learning: A case study of a future 
learn MOOC. Journal of Interactive Media 
in Education, Vol.1, pp.1—11, 2019. 

[21]Jacobs, Marty. Applying a systems and 
complexity framework to transformative 
learning.Conference paper: International 
Society for the Systems Sciences. 1-25, 
2019. 


memes ee 
2379 


[22] Yildirim M. and Yelken Y. T., The 
Development of Transformative Learning 
Scale for Information and Communication 
Technologies, Technology, Knowledge 
and Learning, Vol. 25, No. 4, pp. 

989-1006, 2019. 

[23]Johnson, K., & Olanoff, D., Using 
transformative learning theory to help 
prospective teachers learn mathematics 
that they already “know.” Mathematics 
Enthusiast, Vol. 17, No. 2—3, pp. 725—769, 
2020. 

[24] Lewis and Clark, ST.Louis confluence Fab 
Lab at Lewis and Clark community 
college. 2017, 
https://www.flickr.com/photos/lewisand 
/albums/72 15765502935 1556/?fbclid=Iw 
AR3budImCmGeUtp2KkEpv232rKkUz1 
u0pa6DCUPJ4 13thj97ea0VSJk 

[25] Hamid, M., Tolba, O. and El, A. Antably, 
BIM semantics for digital fabrication: A 
knowledge-based approach,Automation in 
construction, Vol. 91, pp. 62—82, 2018. 

[26]Lorenzo, C., Lorenzo, E., Cornetta, G., 
Muntean, G. M., & Vila, Vila,, M. A., 
Designing, testing And adapting to create a 
distributed learning program in open 
design and digital § fabrication.In 
Proceedings of the 11th International 
Conference of Education, Research and 
Innovation (ICERD), Seville, Spain, pp. 12- 
14, 2018. 

[27]Putro, H. T. and Wirasmoyo, W., The 
Application of Digital Fabrication in 
Architecture, Case Study: Prototyping a 
Scale Model, In EduARCHsia & Senvar 
2019 International Conference 
(EduARCHsia 2019), 1-7 Atlantis Press. 

[28] Formlabs, Digital Fabrication 101, (2022), 
1 May 2003, 
https://formlabs.com/asia/blog/digital 
fabrication 101/?foclid=IwAR1uCf 
UWVSoz8v3duzo6TqipiQIrDLbDSbW _ 
BdPy7plO0Orb9NLZTw26w-qA 

[29|Gadjanski, Ivana, et al. Stimulating 
innovations from university through the 
use of digital fabrication-case study of the 
SciFabLab at Faculty of Mechanical 
Engineering, University of Belgrade. 
Proceedings of the WBCInno International 
conference University of Novi Sad, (2015), 
1 May 2003, 
http://is.fink.rs/podaci/Milan_Matijevic/5 
0/ 

Stimulating innovations from university 


Journal of Theoretical and Applied Information Technology 
31% March 2024. Vol.102. No 6 


SZ 


© Little Lion Scientific 


ISSN: 1992-8645 


through the use of digital fabrication—case 

study.pdf 
[30] Soulaf Aburas, Phillip Ewing and Jacobs 
Andrew Tsay. Robotic Material 
Renaissance: Industrial Robotic Arms for 
Architects, 2016. 
https://research.perkinswill.com/wp- 
content/uploads/2021/02/Updated_ obotic- 
Material-Renaissance-Industrial-Robotic- 
Arms-for-Architects_2016.pdf 

Ismaae Latekeh, Teaching materials of 
Software Engineering, 2018. 
https://tinyurl.com/Schrxuhb 


[31] 


[32] Keinanen M., J. Ursin, and K. 
Nissinen, How to measure students’ 
innovation competences in higher 


education: Evaluation of an assessment 

tool in authentic learning environments, 

Studies In Educational Evaluation, Vol. 58, 

No. 4, pp. 30-36, 2018. 

[33]Besemer, S. P., and Treffinger, D. J., 
Analysis of creative products: Review and 
synthesis, The Journal of Creative 
Behavior, Vol. 15, No. 3, pp. 158-178, 
1981. 

[34] Wongwanich S., Measuring practical 
skills. ed4. Bangkok : Academic Service 
Center Faculty of Education 
Chulalongkorn University, 2004. 

[35] Rovinelli, R.J. and Hambleton, R.K. On 

the Use of Content Specialists in the 

Assessment of Criterion-Referenced Test 

Item Validity. 

Tydschrift Voor Onderwijs Research, Vol. 

2, pp. 49-60, 1977. 

Brock, S. E., Measuring — the 
importance of precursor. steps to 
transformative learning. 

Adult Education Quarterly, Vol. 60, No. 2, 

pp. 122-142, 2009. 

Poltana Pisit, Nopadon Leaudnakrob 
and Yingyoud Paradorn, Development of 
Transformative Learning Model to 
Enhance Creative Thinking Ability and 
Emotional Intelligence. Journal of Health 
Science, Vol. 28, pp. 42-52, 2019. 
[38]Pitkanen, K. and Andersen, H. V., 

Empowering educators by developing 

professional practice in digital fabrication 

and design thinking. International Journal 

of Child-Computer Interaction, Vol. 21, 

pp. 1-16, 2019. 

[39] Chan, M. M., & Blikstein, P., Exploring 
problem-based learning for middle school 
design and engineering education in digital 


[36] 


[37] 


[40] Southeast 


2. = 
wrviaa 


E-ISSN: 1817-3195 


fabrication laboratories. Interdisciplinary 
Journal of Problem-Based Learning, Vol. 
12, No.2, pp. 9-10, 2018. 
Bangkok College, 
Student, 2021 


Smart 


as 


2380 


